Studies of nucleated dwarf galaxies can constrain the scenarios for the formation and evolution of nuclear star clusters (NSC) in low-mass galaxies and give us insights on the origin of ultra compact dwarf galaxies (UCDs). We report the discovery of a NSC in the dwarf galaxy KKs58 and investigate its properties together with those of another NSC in KK197. Both NSCs are hosted by dwarf elliptical galaxies of the Centaurus group. Combining ESO VLT MUSE data with photometry from VLT FORS2, CTIO Blanco DECam, and HST ACS, as well as high-resolution spectroscopy from VLT UVES, we analyse the photometric, kinematic and stellar population properties of the NSCs and their host galaxies. We confirm membership of the NSCs based on their radial velocities and location close to the galaxy centres. We also confirm the membership of two globular clusters (GCs) and detect oblate rotation in the main body of KK197. Based on high signal-to-noise spectra taken with MUSE of the NSCs of both KKs58 and KK197 we measure low metallicities, [Fe/H] = −1.75 ± 0.06 dex and [Fe/H] = −1.84 ± 0.05 dex, and stellar masses of 7.3 × 10 5 M and 1.0 × 10 6 M , respectively. Both NSCs are more metal-poor than their hosts that have metallicities of −1.35 ± 0.23 dex (KKs58) and −0.84 ± 0.12 dex (KK197). This can be interpreted as NSC formation via the in-spiral of GCs. The masses, sizes and metallicities of the two NSCs place them among other NSCs, but also among the known UCDs of the Centaurus group. This indicates that NSCs might constitute the progenitors of a part of the low-mass UCDs, although their properties are almost indistinguishable from typical GCs.
Introduction
Dwarf galaxies are the most abundant type of galaxies in the Universe. Typically, they are classified as either dwarf irregulars or dwarf ellipticals based on their optical morphology, the presence of ongoing or recent star formation, or gas content (Mateo 1998) although this is a simplified and incomplete scheme (see Tolstoy et al. 2009; Ivkovich & McCall 2019 , for a more detailed discussion about different dwarf galaxy types). While dwarf irregulars have a relatively high gas content and exhibit ongoing star formation (e.g Warren et al. 2004 Warren et al. , 2006 McGaugh et al. 2017) , the gas content of dwarf ellipticals is usually very low (e.g. Spekkens et al. 2014) . Dwarf ellipticals can be further subdivided into nucleated and non-nucleated depending on the presence of a nuclear star cluster (NSC) in or near the photometric centre of the dwarf galaxy (e.g. Ordenes-Briceño et al. 2018 ). However, bright star clusters at central positions have also been found in dwarf irregulars (e.g. Georgiev et al. 2009b) .
With effective radii of 5 − 10 pc and stellar masses M * ≈ 10 4 − 10 7 M , NSCs are typically more massive and denser Based on observations collected at the European Southern Observatory under ESO programmes 0101.A-0193(B), 084.D-0818(C), and 069.D-0169(A). than globular clusters (GCs, e.g. Böker et al. 2004a; Walcher et al. 2005; Côté et al. 2006; Turner et al. 2012; Puzia et al. 2014; Georgiev et al. 2016; Spengler et al. 2017 ). They can have complex dynamics (Seth et al. 2010; Lyubenova et al. 2013; Lyubenova & Tsatsi 2019; Fahrion et al. 2019b) , broad metallicity distributions (Spengler et al. 2017) , and multiple stellar populations (Walcher et al. 2006; Lyubenova et al. 2013; Kacharov et al. 2018) . They often demonstrate a significant contribution from young populations, particularly in NSCs of late-type galaxies (Rossa et al. 2006; Puzia & Sharina 2008; Paudel et al. 2011; Feldmeier-Krause et al. 2015) .
Although NSCs are very common in all types of galaxies (e.g. Georgiev et al. 2009a; Eigenthaler et al. 2018) , their formation is still under debate and two main pathways are usually discussed. In the GC accretion or GC in-spiral scenario, the NSC builds out of the (dry) mergers of GCs that migrate into the galaxy's centre due to dynamical friction (e.g. Tremaine et al. 1975; Capuzzo-Dolcetta 1993; Capuzzo-Dolcetta & Miocchi 2008; Agarwal & Milosavljević 2011; Arca-Sedda & Capuzzo-Dolcetta 2014; Hartmann et al. 2011) . In this scenario, the NSC is expected to reflect the metallicity distribution of the coalesced GCs (Perets & Mastrobuono-Battisti 2014) , but if gas-rich or young star clusters merged, the resulting NSC can show a complex star formation Article number, page 1 of 13 arXiv:2001.02241v1 [astro-ph.GA] 7 Jan 2020 A&A proofs: manuscript no. Nucleated_CenA_dwarfs history (Antonini 2014; Guillard et al. 2016) . Contrary, in the in-situ formation scenario, the NSC forms independently from the GC system directly at the centre of the host galaxy from accumulated, dense gas (Mihos & Hernquist 1994; Bekki et al. 2006; Bekki 2007; Antonini et al. 2015) . The efficiency of the latter scenario strongly depends on mechanisms that funnel gas to the centre (e.g. Milosavljević 2004; Schinnerer et al. 2008) .
In reality, most likely a mixture of both processes occurs (Da Rocha et al. 2011; Spengler et al. 2017; Ordenes-Briceño et al. 2018; Sills et al. 2019 ), but the relative contributions of both formation channels might depend on the host's mass. Studies of early-type galaxies in the Fornax and Virgo galaxy clusters have suggested that the in-situ formation might be the dominant channel of NSC formation in massive galaxies (> 10 9 M ), while the GC accretion is more efficient in low mass galaxies because of shorter dynamical friction timescales (e.g. Lotz et al. 2004; Côté et al. 2006; Turner et al. 2012; Sánchez-Janssen et al. 2019b ). The proposed NSC formation scenarios and their mass dependence also seems to be reflected in the nucleation fraction of galaxies. Within the Next Generation Virgo Cluster Survey (NGVS, Ferrarese et al. 2012) , Sánchez-Janssen et al. (2019a) found a peak of the nucleation fraction of > 90% at M * ∼ 10 9 M . In more massive galaxies, co-existence of a NSC with a central super massive black hole (SMBH) can result in the dissolution of the NSC if the SMBH is massive enough (e.g. Antonini 2013 ). At the low mass end, the fraction of nucleated dwarf galaxies drops, possibly because NSCs are vulnerable to environmental effects and feedback in the shallow central gravitational potential.
In the context of galaxy assembly and evolution, it is often suggested that the remnant nuclei of disrupted galaxies may be the progenitors of the most massive GCs (e.g. Zinnecker et al. 1988 ) and of ultra compact dwarf galaxies (UCDs, e.g. Phillipps et al. 2001; Drinkwater et al. 2003; Pfeffer & Baumgardt 2013; Strader et al. 2013 ). In the Milky Way (MW), the GC M 54 is perhaps the most prominent case as it is still located at the centre of the Sagittarius dwarf galaxy (Ibata et al. 1997; Bellazzini et al. 2008; Sills et al. 2019 ) and thus can be clearly classified as a NSC. But also ωCentauri, the most massive MW GC, is often interpreted as the remnant NSC of a disrupted galaxy (e.g. Hilker & Richtler 2000; King et al. 2012; Ibata et al. 2019; Milone et al. 2019) . Nucleated dwarf galaxies have been studied in various environments, from dense galaxy clusters such as Virgo, Coma or Fornax to less populated groups (e.g. Georgiev et al. 2009b; Georgiev & Böker 2014; den Brok et al. 2014; Ordenes-Briceño et al. 2018) . In this work, we report on two nucleated dwarf elliptical galaxies that are confirmed members of the Centaurus group (Müller et al. 2019 ). The two large galaxies in the Centaurus group are Cen A (NGC 5128) at a distance of ∼ 3.8 Mpc (Rejkuba 2004) , and M 83 (NGC 5236) at D ≈ 4.8 Mpc (Herrmann et al. 2008; Radburn-Smith et al. 2011) . In the first survey of dwarf elliptical galaxies in the Centaurus group, Jerjen et al. (2000b) identified 13 potential members and established group membership for five dwarf ellipticals through surface brightness fluctuation and velocity measurements. Jerjen et al. (2000a) pointed out potential nuclei in the two dwarf ellipticals ESO 219-010 and ESO 269-066, although a chance projection of a (nearby) star on the galaxy centre could not be excluded. Using observations with the Advanced Camera for Surveys (ACS) onboard the Hubble Space Telescope (HST), Georgiev et al. (2009a) studied the properties of NSC and GC candidates in nearby dwarf galaxies, including 24 dwarfs in the Centaurus group complex, suggesting that four of them have NSC candidates (ESO 059-01, ESO 223-09, ESO 269-66 and KK197, Georgiev et al. 2009b) . Recently, several surveys Table 1 . Basic information about KKs58 (Müller et al. 2019 ) and KK197 Georgiev et al. 2009b have targeted the Centaurus group providing a more complete census of the dwarf galaxy system (Crnojević et al. 2014 (Crnojević et al. , 2016 (Crnojević et al. , 2019 Müller et al. 2015 Müller et al. , 2017 Müller et al. , 2018c Müller et al. , 2019 Taylor et al. 2016 Taylor et al. , 2018 ) that as of now includes ∼70 dwarf galaxy candidates.
In this paper, we present the analysis of the two nucleated dwarf galaxies KKs58 and KK197 in the Centaurus group, based on data taken with the Multi Unit Spectroscopic Explorer (MUSE). As mentioned, KK197 was among the dwarf galaxies previously analysed with HST data by Georgiev et al. (2009b) , and photometric properties of its NSC and two GC candidates were presented in Georgiev et al. (2009a) . We report the discovery of a new NSC in KKs58 (also known as Centaurus A-dE3, Jerjen et al. 2000a) , which is the brightest dwarf galaxy in the sample of nine dwarf galaxies that were recently confirmed Cen A group members using ESO Very Large Telescope (VLT) FORS2 data (Müller et al. 2019) . In a spectroscopic follow-up with MUSE, under observing program 0101.A-0193(B), we measure radial velocities of a selection of these galaxies to investigate the velocity distribution of the dwarf satellites arranged in a plane around Centaurus A (Tully et al. 2015; Müller et al. 2016 Müller et al. , 2018b . Upon inspection of MUSE data we discovered that the bright compact source located in the centre of KKs58 has a velocity in agreement with the host galaxy, and thus it constitutes the newly discovered NSC of KKs58. Additionally, we could confirm the star cluster candidate KK197-02 from Georgiev et al. (2009b) to be the NSC of KK197. In the following section, we describe the MUSE data. Section 3 describes the DECam and HST photometry, respectively, and our MUSE analysis is detailed in Sect. 4. In Sect. 4, we also present a measurement of dynamical mass of the NSC belonging to KK197 based on the high-resolution UVES spectrum. We discuss our results in Sect. 5 and conclusions in Sect. 6.
MUSE data
The MUSE instrument is an integral field spectrograph mounted at UT4 on the Very Large Telescope on Paranal, Chile (Bacon et al. 2010) . For our observations, we used the so-called Wide Field Mode (WFM) of MUSE, which has a field-of-view (FOV) of 1 ×1 sampled at 0 . 2 pix −1 , and requested observations in Service Mode under so-called filler conditions (i.e. relaxed seeing and thin sky transparency) because we were interested in measuring radial velocity from spatially integrated spectra. Along the spectral dimension, in the adopted 'nominal' setup, MUSE covers the optical wavelength range from 4500 to 9300 Å with a spectral resolution of ∼ 2.5 Å at 7000 Å sampled at 1.25 Å pix −1 .
Observations of KKs58 were acquired on 9 May 2018 under below-average sky conditions for Paranal (thin clouds and about small dithering offsets of 1-2 , and 90 degree rotation between subsequent exposures in order to minimise the noise residuals due to slicers and different channels.
The MUSE observations of KK197 were carried out within two observation blocks (OBs), each with a single 'OSO' sequence of 2 × 1160 sec science exposures on target bracketing a single 580 sec long exposure of an adjacent empty sky region. The first OB was taken on 16 April 2018 under mostly clear sky. The atmospheric conditions during the night of 8-9 May were worse, with initially some thick clouds affecting the observation, later improving to thin clouds. Therefore, to compensate for loss of sensitivity due to clouds, part of the observing sequence was repeated resulting in 3 on-target exposures 'O' of 1160 sec each interleaved with 580 sec long offset sky exposures 'O' in a 'OSOOS' sequence. Hence, the total exposure time for KK197 amounts to 5800 seconds. As for KKs58, small dithers and 90 degree rotation were implemented between science exposures. The fifth, repeated, science exposure had the same offset and rotator position (PA = 180 • ) as the first science exposure taken on 16 April.
We downloaded the MUSE Internal Data Products from the ESO Science Archive that included data reduction based on the MUSE pipeline version 2.2 (Weilbacher et al. 2012 ). The data have been pre-processed, bias and flat-field corrected, astrometrically calibrated, sky-subtracted, wavelength calibrated and flux calibrated (Hanuschik et al. 2017 ) 1 . The sky subtraction used the offset sky exposures. To further reduce the sky residual lines, we applied the Zurich Atmosphere Purge (ZAP) principal component analysis algorithm (Soto et al. 2016) . Figure 1 shows portions of the deep I-band stacked FORS2 image of KKs58 (Müller et al. 2019 ) and the HST ACS image of KK197 (Georgiev et al. 2009b) with the MUSE FOVs indicated in red. These images were used to guide the selection of 'empty sky' regions with no evident stars or galaxies to be used by ZAP. The optimal sky mask turned out to be a selection of the faintest 9 -12% pixels on the white light image created from the MUSE cube. With the dedicated sky observations and ZAP, bright sky emission lines could be reduced sufficiently, but in low S/N spectra, telluric lines above ∼ 7500 Å remain. As described in Sect. 4.1, we do not use the spectra above 7100 Å.
Using DAOPHOT (Stetson 1987) , we measured the full width at half maximum (FWHM) of the point spread function (PSF) in the collapsed MUSE images, as described in Müller et al. (2018c) . Both MUSE cubes have an image quality of 1 . 0.
Photometry
In the following, we describe the photometric properties of KK197, KKs58 and their star clusters. KK197 was previously studied by Georgiev et al. (2009b) using HST data and for KKs58, we use Müller et al. (2015) DECam data.
KKs58 DECam photometry
KKs58 was observed with FORS2 and photometry of the individual bright red giant branch (RGB) stars was used to measure the distance to the galaxy using the tip magnitude of the RGB (Müller et al. 2019) . The bright source located approximately in the centre of the galaxy (at coordinates (∆y, ∆x) = (0, 0) in Fig. 1 ) was saturated on individual FORS2 images. To study the photometric structure of KKs58 and its NSC in more detail, we used the g-and r-band DECam images from Müller et al. (2015) . The data have an exposure time of 120 seconds in both filters. Using DAOPHOT aperture photometry (Stetson 1987) , we obtained extinction-corrected magnitudes of the NSC of g NSC = 18.44 ± 0.05 mag and r NSC = 17.90 ± 0.06 mag, respectively, using galactic extinction values in the g and r-band of 0.200 and 0.134 mag (Schlafly & Finkbeiner 2011) . The uncertainties are dominated by the zero point uncertainties (∼ 0.05 mag). The resulting colour of (g − r) 0 = 0.54 ± 0.08 mag is typical for old stellar populations dominated by RGB stars such as in earlytype dwarf galaxies (e.g. Müller et al. 2018a) . To compare the NSC to a larger sample of literature sources, we converted these magnitudes into Johnson V-band using the relation from Lupton 2005 2 We used the two-dimensional image fitting routine imfit (Erwin 2015) to determine the structural parameters of the NSC. Our best-fit model, shown in Fig. 2 , consists of two Sérsic models, one representing the NSC and the second corresponding to the underlying galaxy. This model considers a model of the PSF that we built with the effective PSF functionality of the python package photutils (Bradley et al. 2019 ) using ∼ 10 stars in the FOV, following the prescription of Anderson & King (2000) . We found effective radii of the NSC and the host of 6.6 ± 0.5 pc (0.40 ± 0.02 ) and 244.7 ± 8.3 pc (15.0 ± 0.5 ), respectively. The uncertainties were inferred with Markov-Chain Monte Carlo (MCMC) sampling. The effective radius of the host galaxy is lower than earlier measurements of 430 pc from Jerjen et al. (2000a) , which could be due to better image quality and depth of the DECam images. According to our model, the NSC is elongated with an ellipticity of 0.30 ± 0.04 at a position angle of 86 ± 2 • clockwise from North, while the galaxy Sérsic model is completely spherical.
KK197 HST ACS photometry
KK197 was originally studied by Georgiev et al. (2009b) using the F606W and F814W filters of the HST ACS instrument with the aim of identifying GC candidates in nearby dwarf galaxies.
The observations were obtained in HST cycles 12 and 13 (PI: I. Karachentsev), and are described in Georgiev et al. (2008) and Georgiev et al. (2009b) . The identification of GC candidates was based on colour constraints and their (resolved) morphologies. For KK197, Georgiev et al. (2009a) reported three GC candidates and we list their properties in Tab. 2. The largest, dubbed KK197-02, is located at the photometric centre of KK197 and in the following we refer to this source as KK197-NSC. KK197-NSC has a similar brightness than KKs58-NSC, but is slightly smaller. KK197-01 and KK197-03 turned out to be indeed GCs, as our MUSE analysis confirmed (Sect. 4.4).
MUSE spectroscopic analysis
In the following we present our analysis of the MUSE data of KKs58 and KK197. In particular, we distinguish between the star 2 https://www.sdss3.org/dr10/algorithms/ sdssUBVRITransform.php of V = g − 0.5784(g − r) − 0.0038 and a distance modulus of 27.63 (Müller et al. 2019) . We obtained an absolute magnitude of M V = −9.51 ± 0.07 mag. clusters and the host galaxies. The same method of full spectral fitting, described in the next section, is applied to both.
Full spectral fitting of MUSE spectra
We fitted the MUSE spectra using the penalised Pixel-fitting routine (pPXF, Cappellari & Emsellem 2004; Cappellari 2017) . pPXF is a method for full spectral fitting that uses a penalised maximum likelihood approach to fit a linear combination of template spectra to a given input spectrum. This enables extraction of the line-of-sight (LOS) velocity distribution, but also to determine stellar population properties. We used the single stellar population (SSP) template spectra from the Medium resolution INT Library of Empirical Spectra (MILES, Vazdekis et al. 2010 ). The MILES templates give the spectral energy distribution in a wavelength range from 3525 to 7500 Å for stellar populations of a single age and metallicity. We used BaSTI isochrones (Pietrinferni et al. 2004 (Pietrinferni et al. , 2006 ) and a Milky Way-like, double power law (bimodal) initial mass function (IMF) with a high-mass slope of 1.30 (Vazdekis et al. 1996) . Generally, the MILES models are classified by their age and total metallicity [M/H]. However, for comparisons to photometric measurements, we used the scaledsolar MILES models that do not include α- Throughout this work, we fitted LOS velocities using additive polynomials of degree 12 and no multiplicative polynomials. When fitting for stellar population properties, we keep the LOS velocity fixed and used multiplicative polynomials of degree 8 without any additive polynomials. In all cases, the velocity dispersions of the star clusters and host galaxies are close or below the MUSE resolution and are not accessible. To obtain realistic uncertainties on the LOS velocity, the mean metallicity and age, we used a Monte Carlo (MC) approach (e.g. Cappellari & Emsellem 2004; Pinna et al. 2019) . After the first fit, we drew random values from the pPXF residual in every wavelength bin and add these values to the first best-fit spectrum. This way, a new realisation of the spectrum is created that can be fitted again. This procedure is repeated 100 times to obtain a well sampled distribution around the mean LOS velocity, the metallicity and the age. The uncertainties are then given by the standard deviation of the resulting distribution.
In general, we distinguish the spectra by their spectral signalto-noise ratio (S/N), obtained in a continuum region around 6000 Å. In the worst cases, for S/N ≤ 3 Å −1 , no reliable information can be drawn from the spectrum. For S/N > 3 Å −1 , at least the line-ofsight (LOS) velocity is measurable to confirm membership of a star cluster to its host. Fitting spectra with S/N ≥ 10 Å −1 further gives reliable estimates of the mean metallicity. In the following, we give the ages as obtained from MC fitting with pPXF with their formal errors that are typically on the order of 1 Gyr, but these uncertainties might underestimate the true uncertainties due to the lack of strong age-sensitive features in the MUSE spectrum (see the Appendix in Fahrion et al. 2019b ). In addition, even when provided with a prior from photometry, measuring accurate ages of old stellar populations with integrated spectra is challenging (Usher et al. 2019 ) and the resulting ages can deviate from the true ages by up to 5 Gyr. Age estimates of young populations < 5 Gyr, however, have a higher accuracy. For spectra with S/N > 50 Å −1 , such as the spectra of the NSCs, full spectral fitting with regularisation allows studying star formation histories and possible multiple populations. The regularisation ensures a smooth distribution of weights, that is needed, for example, to extract star formation histories (Boecker et al. 2019) . Because the MILES models are normalised to 1 M , our stellar population properties are mass-weighted.
Due to non-photometric observing conditions, the flux calibration of our MUSE spectra has substantial systematic errors visible as different continuum shapes in KKs58 and KK197 (see Fig. 3 ). However, this should not affect our results because of the polynomials that are used by pPXF to account for the continuum variation that are not taken into account as constraint for stellar population determination.
KKs58 nuclear star cluster
The NSC of KKs58 is clearly visible in the MUSE FOV (Fig. 4) . The NSC appears to be slightly elongated, similar to what we found in the FORS2 and DECam data. However, to extract its spectrum, we treated the NSC as a point source and used a circular aperture weighted by the PSF assuming a Gaussian profile with FWHM = 1.0 . This weighting helps to boost the signal of the NSC compared to the faint underlying galaxy background.
The NSC spectrum has S/N ∼ 85 Å −1 . From 100 MC fits to the spectrum, we found a heliocentric LOS velocity of KKs58's NSC of v KKs58-NSC = 474.6 ± 1.9 km s −1 . The top panel of Fig.  3 shows the original NSC spectrum and the regularised pPXF fit with a regularisation parameter of 70. We found a mass-weighted mean metallicity of [Fe/H] = −1.69 dex and a weighted mean age of ∼ 7 Gyr. Testing with other stellar libraries highlights how challenging the determination of old ages is, because if we used the extended MILES library for the fitting, we found a mean age of ∼ 9 Gyr. Nevertheless, the pPXF fit to the NSC spectrum can exclude recent star formation (< 2 Gyr) in the NSC. The regularised fit does not show multiple populations of different ages and metallicities. However, with the used SSP template grid and spectral quality, we are unable to detect the small metallicity variations of ∼ 0.1 dex that can be found in massive MW GCs such as ωCen and M54 (Marino et al. 2015; Johnson et al. 2015) . Therefore, we use 100 MC fits without regularisation to determine reliable measurements of mean age and metallicity. We derived an age of 6.9 ± 1.0 Gyr and [Fe/H] = −1.75 ± 0.06 dex. The given uncertainties refer to random errors, but the systematic uncertainties can be larger. Both are consistent with the weighted means from the regularised fit.
We can use stellar population analysis of the NSC to estimate its stellar mass using the photometric predictions for the massto-light ratio (M/L) for a given SSP of the scaled-solar MILES models. We used the predictions for the Johnson V-band and determined the total luminosity using a randomly drawn V-band magnitude assuming a Gaussian distribution of the magnitude with M V = −9.51 mag and σ = 0.07 mag. This was repeated Fig. 4 . Extraction of the KKs58 galaxy spectrum. Left: White-light image of KKs58, created by collapsing the MUSE cube along the spectral axis (10 ≈ 160 pc). The position of the NSC is marked by the red cross. We show the mask that is used for the extraction of the integrated galaxy spectrum in green-blue colours while the masked pixels are shown with are in black and white. Right: pPXF fit to the normalised integrated spectrum of KKs58. The input spectrum is shown in black and the best-fitting combination of MILES SSP models is shown in red. The blue points indicate the residual, shifted to 0.5 for visibility. Masked regions with strong sky residual lines appear as grey-shaded. We only use the spectral range from 4500 to 7100 Å because the spectrum is heavily contaminated by sky residual and telluric lines at larger wavelengths. 5000 times to accommodate for the magnitude uncertainties. We found a total luminosity of L V, KK197-NSC = 5.36 ± 0.35 ×10 5 L and M/L V = 1.37 ± 0.15 M /L , corresponding to the expected M/L from our MC pPXF fit. This gives a stellar mass of M * ,KK197-NSC = 7.34 ± 0.87 × 10 5 M . KKs58-NSC is therefore less massive than the two most massive GCs in the MW, ω Cen and M 54 that have masses of 3.6 ×10 6 M and 1.4 × 10 6 M , respectively (Baumgardt & Hilker 2018) .
KKs58 galaxy spectrum
The galaxy KKs58 itself is very faint in the MUSE data as Fig. 4 illustrates. We attempted to bin the MUSE cube with the Voronoi binning scheme (Cappellari & Copin 2003) to obtain a binned map of KKs58, but this was unsuccessful due to the low S/N. So we only extracted a single spectrum of the galaxy (right panel in Fig. 4 ) using a mask applied to the full cube ( Fig. 4 left) . Based on the galaxy shape in the DECam data and deep FORS2 image, this mask is circular with a radius of 120 pixels (24 ≈ 390 pc), centred on the NSC, and excludes spaxels that have a negative mean flux, the NSC, and several foreground stars.
The final galaxy spectrum has a S/N of 11 Å −1 and is heavily contaminated by sky residual and telluric lines above ∼ 7500 Å. The pPXF fit to the galaxy spectrum is shown in Fig. 4 . Unfortunately, the S/N of the galaxy spectrum is not sufficient to explore the stellar population properties as we did it for KKs58-NSC. Nonetheless, we determined the LOS velocity, mean age and metallicity with 100 MC fits as described above. We measured a mean LOS velocity for KKs58 of v KKs58 = 482.6 ± 12.6 km s −1 , fully consistent with the LOS velocity of the NSC. We obtained a mean metallicity of [Fe/H] = −1.35 ± 0.23 dex and an age of ∼ 7 Gyr. Müller et al. (2019) give a photometric metallicity estimate taken from fitting the FORS2 colour magnitude diagram with old (10 Gyr) isochrones of [Fe/H] = −1.49 ± 0.80 dex, in agreement with our spectroscopic measurement.
We determined the stellar mass of KKs58 using the stellar population properties as obtained from the pPXF fit, deriving a M/L V of 1.46 ± 0.15 M /L . With a total luminosity of L V,KKs58 = 5.02 +0.55 −0.05 × 10 6 L (Müller et al. 2019) , this translates to a total stellar mass of M * ,KKs58 = 7.33 +1.10 −0.76 × 10 6 M . Therefore, the NSC-to-galaxy mass ratio is ∼ 10%, a typical value for a galaxy with such a mass (e.g. Sánchez-Janssen et al. 2019a). 
KK197 nuclear and globular star clusters
We extracted the spectra of KK197-NSC and the two GC candidates KK197-01 and 03 using a PSF-weighted circular aperture with a FWHM of 1.0 and fitted these spectra with pPXF. The results of these fits can be found in Tab. 2. For the NSC of KK197, we found a LOS velocity of v KK197-NSC = 635.4 ± 1.5 km s −1 .
KK197-NSC has a spectrum with a S/N of ∼ 100 Å −1 , sufficient to analyse the stellar populations properties such as age and metallicity distributions using a regularised fit (see bottom panel in Fig. 3) . The weighted mean age and metallicity from the regularised fit are 7.3 Gyr and −1.79 dex, respectively, similar to the results for the NSC of KKs58. Again, the regularised fit gives no indication of multiple populations with the used SSP grid. Smaller scale variations such as small metallicity spreads Fig. 6 . Voronoi binned maps of KK197 in comparison to the star clusters. The maps were binned to S/N = 25 Å −1 . Left: LOS velocity map relative to the median velocity of 643.2 km s −1 . We added the LOS velocities of KK197-NSC, the two GCs and the loose stellar association of stars (KK197-SA) described in Sect. 4.6. Right: Mean metallicity map of KK197 obtained from an unregularised pPXF fit using the scaled-solar MILES SSP models. as observed in some MW GCs cannot be ruled out. The 100 MC fits without regularisation give an age of 6.5 ± 1.0 Gyr and [Fe/H] = −1.84 ± 0.05 dex, in agreement with the weighted means of the regularised fit. The bright GC KK197-03 has a spectral S/N of 31 Å −1 , still sufficient to analyse the stellar populations. With 100 MC fits, we found [Fe/H] = −1.80 ± 0.11 dex and the LOS velocity of v KK193-03 = 642.6 ± 3.8 km s −1 clearly confirms membership to KK197. Our fit resulted in a mean age of ∼ 7 ± 1 Gyr in agreement with the NSC, but at this S/N the age is uncertain.
We determined the stellar masses of KK197-NSC and KK197-03 using the photometric predictions for the scaled-solar MILES models in the V-band. For KK197-NSC, we found L V,KK197-NSC = 7.60 ± 0.42 × 10 5 L and M/L V = 1.37 ± 0.13 M /L . This results in a stellar mass of M * ,KK197-NSC = 1.04 ± 0.11 × 10 6 M . The GC KK197-03 has a total luminosity of L V,KK197-03 = 7.12 ± 0.39 × 10 4 L and with a M/L V = 1.37 ± 0.14 M /L , we obtained a mass of M * ,KK197-03 = 9.76 ± 1.13 × 10 4 M . KK197-01, the faintest star cluster in KK197 identified by Georgiev et al. (2009b) , has as S/N of 8 Å −1 , insufficient to obtain a reliable metallicity estimate. We can confirm its membership to KK197 based on its radial velocity of 636.4 ± 16.0 km s −1 .
By inspecting other point sources in the MUSE FOV, we identify two other potential faint star clusters (RA = 13:22:03.0, DEC = −42:32:07.5 and RA = 13:22:01.2, DEC = −42:32:18.3). Their MUSE spectra have low S/N of 6.2 and 4.5 Å −1 , respectively. Their measured LOS velocities are in agreement with KK197 of v= 652 ± 31 km s −1 and v= 663 ± 69 km s −1 , respectively. However, inspection of the HST image suggests that those are stars of KK197 blended along the line of sight.
Dynamical mass estimate of KK197-NSC
The NSC of KK197 was observed on 11 January 2010 with the VLT's UVES spectrograph (Dekker et al. 2000) as part of the programme 084.D-0818 (PI: I. Georgiev). The instrumental setup included the red spectrograph arm with the standard setting centered on 580 nm, 2 × 2 CCD binning and a 1 . 2 slit width, which yielded a spectral resolution of R=34540, suitable for accurate velocity dispersion measurement. A single exposure of 3004 seconds resulted in a S/N ratio of 7 -11 over the spectral range 4786 -5761 Å covered with the lower CCD and S/N of 10-15 over 5835 -6808 Å covered with the upper CCD. We downloaded the raw spectrum with the associated calibrations from the ESO Science Archive and reduced it using the ESO UVES pipeline (version 5.10.4) within the Reflex environment (Freudling et al. 2013 ). The velocity dispersion was measured by cross-correlating the spectrum of the KK197 NSC with a set of 18 UVES spectra of 13 different G and K-type giant stars having a range of metallicities (−2.6 < [Fe/H] < +0.3 dex). These stars were observed as part of the UVES programme 069.D-0169 (PI: Rejkuba), which used the same red arm and 580 nm spectral setting, but had 1 . 0 slit width and no detector binning. We adopted the same procedure to measure the velocity dispersion as described in Rejkuba et al. (2007) . First, given the difference in slit width and detector binning setup between the KK197-NSC and the giant star observations, we verified the dependency of velocity dispersion measurements on metallicity and instrumental broadening both with empirical templates and with synthetic spectra of K5 giants that were computed with different resolutions using the online spectrum synthesis tool developed and maintained at MPIA (Kovalev et al. 2018 ). The Fourier-filtered spectrum of the NSC was cross-correlated with all template spectra within the IRAF fxcor task. The highest cross-correlation signal was measured for the stars with similar metallicity, and therefore for the final result we averaged the measurements for which the fxcor TDR index was > 22 (see Tonry & Davis 1979) . This resulted in the final velocity dispersion of 25.2 ± 0.6 km s −1 for the lower and 24.1 ± 2.2 km s −1 for the upper CCD. The median velocity of the NSC obtained from cross-correlation with template stars is 636.68 ± 0.77 km s −1 , fully consistent with the velocity measured from the MUSE data.
In order to derive a dynamical mass for KK197-NSC, an aperture correction has to be applied to convert the observed velocity dispersion in the extracted slit area to a global and central velocity dispersion. We follow the same approach as described in Hilker et al. (2007) . In short, we first constructed a 3-dimensional density profile from the structural parameters of a King profile fit (King 1962) to HST data (projected half-light radius r h = 3.03 pc at a distance of 3.98 Mpc (this paper) and concentration c = 1.48, Georgiev et al. 2009b) . From that the cumulative mass distribution M(< r), the potential energy φ(r), and the energy distribution function f (E) are calculated. The corresponding 6D phase space density distribution is then sampled by a N-body representation of the NSC with 10 5 particles. x, y, z positions and vx, vy and vz velocities are assigned to each particle, assuming spherical symmetry and an isotropic velocity dispersion. The influence of seeing is modelled by assuming that, in a projected version of the N-body model, the light from each particle is distributed as a 2D Gaussian whose FWHM corresponds to the observed seeing of 1 . 0. For each particle, the fraction of the light that falls within the spectroscopic extraction aperture of 1 . 2 × 4 . 0 is calculated. The fraction of light in that aperture is used as weighting factor for the velocities. The weighted velocity contributions are then used to calculate the expected velocity dispersion in the extracted slit area. Finally, the mass of the N-body model is iteratively adjusted such that the calculated velocity dispersion matches the observed one.
The model dynamical mass that matches the observed velocity dispersion of 25.2 ± 0.6 km s −1 for the lower CCD is M KK197−NSC, dyn = 4.3 ± 0.3 × 10 6 M . The global velocity dispersion of the NSC is 24.8 km s −1 and the central one 30.4 km s −1 , according to the modelled parameters. Our derived dynamical mass is about four times higher than the stellar mass derived from stellar population models. This difference might be caused by systematic uncertainties in the stellar population properties of the NSC and the assumptions of our mass modelling. We further discuss possible caveats and the implications of that difference in Sect. 5.3.
Stellar association in KK197
North-east of the KK197-NSC is an association of stars (see Fig. 5 ) that has a higher number density than the surrounding galaxy body and has a diameter of ∼ 33 pc (1.75 ) in the HST image. We refer to this stellar association as KK197-SA. We extracted the spectrum of this region by selecting the pixels belonging to it above a flux threshold. The spectrum has a S/N of 11.1 Å −1 and fitting for the velocity and mean metallicity with 100 MC fits, we found v KK197-SA = 619.3 ± 10.3 km s −1 and [Fe/H] = −1.59 ± 0.15 dex. With the low S/N, we cannot determine the age robustly, but our fits give a mean age of ∼ 10 Gyr, similar to the host galaxy. We cannot see any emission lines in the spectrum. This association of stars is clearly connected with KK197 and although the associated random errors are quite large, it appears to be more metal-poor than the host galaxy (mean metallicity of −0.84 ± 0.12 dex, see Fig. 6 ). The morphology excludes a classical GC. This stellar association might resemble an open star cluster, or maybe a GC in the process of being disrupted in the central potential of KK197.
Galaxy KK197
The MUSE data of KK197 has a sufficient S/N to obtain a binned map of the integrated light after applying an ellipse cutout around the NSC. We masked bright stars, background galaxies, and the known star clusters in the FOV. The MUSE data of KK197 was binned to a continuous S/N of 25 Å −1 using the Voronoi-binning scheme described in Cappellari & Copin (2003) . This map contains six bins. The binned spectra were fitted with pPXF with 100 MC runs each to acquire maps of the LOS velocities and the metallicities. Ages are uncertain at this S/N level, but we show the LOS velocity map and the mean metallicity map in Fig. 6 . In these maps, we overplotted the properties of the NSCs and the GCs for comparison with the stellar light. In addition, Fig. 7 shows the position-velocity diagram for KK197. For this, we projected the bins onto the major axis and show their LOS velocity relative to the velocity obtained from the total galaxy spectrum of 643.2 km s −1 .
The LOS velocity field shows a rotation signal along the major axis of the galaxy with a maximum amplitude of ∼ ± 5 km s −1 . However, the Voronoi bins have typical LOS velocity uncertainties of ∼ 4.5 km s −1 . We tested different binning schemes and obtained the same rotation signal robustly throughout these tests. The star clusters we identified in KK197 seem to be in agreement with the rotation signature, but deeper data is required to confirm it. Interestingly, the NSC might not be at rest with respect to the galaxy. Instead, from the total galaxy spectrum obtained from all six bins, we found a LOS velocity of v KK197 = 643.2 ± 3.5 km s −1 , corresponding to a velocity difference between NSC and host of ∆v = 7.8 ± 3.8 km s −1 . A higher S/N in the galaxy spectrum would be required to confirm this offset.
KK197-NSC appears as a distinct component in the metallicity map shown in the right panel of Fig. 6 . It is significantly Georgiev et al. (2009b) , updated to a distance of D = 3.87 Mpc. c from Sharina et al. (2008) more metal-poor than the galaxy field star population, for which we obtain a mean metallicity of [Fe/H] = −0.84 ± 0.12 dex. This is an intriguing result because in massive galaxies an opposite trend is found and the central region show higher metallicities due to efficient star formation fuelled by infalling, enriched gas (e.g. Spengler et al. 2017) . Our metallicity estimate of the host galaxy is in agreement with the mean photometric metallicity of [Fe/H] = −1.05 dex determined by Crnojević et al. (2010) using the HST/ACS data. From the combined spectrum of KK197, we obtained a mean age of 10 ± 1 Gyr.
Using the fit to the total spectrum of KK197 and its V-band magnitude of −13.04 mag (Georgiev et al. 2008) , we derived a total stellar mass of M * ,KK197 ∼ 4 × 10 7 M . Based on this rough mass estimate, the ratio of NSC-to-host mass is ∼3 %, smaller than what is observed in KKs58.
Discussion
In the following, we place our measurements for KKs58 and KK197 into context with respect to other nucleated dwarf galaxies. We further discuss how the properties of the NSCs constrain their formation pathway and how the NSCs compare to UCDs.
Comparison to other nucleated galaxies
Both in KKs58 and KK197, we found metal-poor NSCs with metallicities comparable to metal-poor GCs. This is in agreement with a study of 61 NSCs of dwarf galaxies in the Fornax galaxy by Ordenes-Briceño et al. (2018) that found that most most dwarf nuclei have colours consistent with metal-poor GCs. They also report a bimodal mass distribution of dwarf galaxy NSCs with peaks at log(M * /M ) ≈ 5.4 and 6.3. With masses of log(M * /M ) = 5.9 and 6.0, respectively, the NSCs of KKs58 and KK197 are located in between the two mass peaks.
We estimated the NSC-to-host stellar mass of KKs58 and KK197 to be ∼ 10% and ∼ 3%, respectively. These values use rough estimates of the host stellar mass, based on integrated magnitudes and a fixed mass-to-light ratio. These ratios are within the scatter for galaxies of similar mass (Ordenes-Briceño et al. 2018; Sánchez-Janssen et al. 2019a) . While the NSC-to-host mass relation appears to be independent of environment (Sánchez-Janssen et al. 2019a), the mass ratio itself shows a trend with host stellar mass. The mass ratio seems to be higher in lower mass galaxies, similar to what we find in the NSC-host system in the lower mass galaxy KKs58 compared to the more massive galaxy KK197. Nucleated late-type dwarf galaxies in low density environments can show a similar NSC-to-host mass fraction (Georgiev et al. 2016) .
In our sample of 14 dwarf galaxies studied with MUSE, we found two nucleated dwarf galaxies. With a more complete sample, the effects of the Centaurus group environment on the nucleation fraction could be studied. Sánchez-Janssen et al. (2019a) presented a study of the nucleation fraction of galaxies in different environments. They suggest that the nucleation fraction of dwarf galaxies appears to be lower in low density environments such as the Local Group when compared to the higher density environments of the Fornax, Virgo, or Coma clusters. The environment might also have an affect on the limiting galaxy mass threshold below which the nucleation fraction drops to zero. Studying dwarfs in the Fornax cluster, Ordenes-Briceño et al. (2018) determined a limiting mass of ∼ 2.5 × 10 6 M , while Sánchez-Janssen et al. (2019a) identified a limiting mass of ∼ 5 × 10 5 M in their study of the core region of the Virgo cluster. With a stellar mass of 7.3 × 10 6 M , KKs58 is already close to these thresholds. It is unclear if this limiting mass arises because low mass galaxies become less efficient in forming NSCs or if there is a mechanism that can destroy them more easily. Due to its proximity, the Centaurus group provides an ideal laboratory to study the environmental effects on the nucleation fraction and the dwarf galaxies themselves.
Insights on nuclear star cluster formation
The formation of NSCs is still a heavily debated issue. As described in Sect. 1, typically two pathways are discussed: the in-situ formation directly at the galaxy's centre and formation from the in-spiral and merging of GCs. With the collected data of KKs58 and KK197, we can put constraints on the formation of their NSCs.
The NSCs of both KKs58 and KK197 have a relatively simple star formation history with only one peak at ∼ 7 Gyr. We could not find any younger populations or emission lines that would indicate ongoing star formation. Nonetheless, our rough estimates of the ages of the host galaxies from their low S/N spectra (< 50 Å −1 ) indicate that the NSC in KK197 could be younger than the main stellar body. However, measuring accurate ages of old (> 5 Gyr) stellar populations with integrated spectra is generally challenging (e.g. Spengler et al. 2017; Usher et al. 2019) , and even more so in this case because the MUSE instrument lacks important age-sensitive features such as higher-order Balmer lines at bluer wavelengths. In addition, while the host galaxy spectra have only a low S/N, even the age measurements from the high S/N NSC spectra might be biased towards younger ages due to the presence of hot horizontal branch (HB) stars that most likely are present in massive star clusters (Schiavon et al. 2004; Ocvirk 2010; Georgiev et al. 2012 ). In the MW, almost all massive GCs have hot HB stars (Recio-Blanco et al. 2006; Lee et al. 2007 ) and their high effective temperatures (T eff ∼ 9000 K) lead to a bias in spectroscopic metallicities towards younger ages especially in blue, metal-poor GCs of ∼ 4 Gyr compared to isochrone fitting (e.g. for NGC 3201 and NGC 5024 Dotter et al. 2010; Perina et al. 2011) . Consequently, the age difference between NSC and host found in KK197 might be the result from uncertainty in the full spectral fitting and an additional bias introduced by hot HB stars. Due to stellar crowding in the NSC, we cannot use isochrone fitting to the HST data to obtain a photometric age.
We observed a clear difference in metallicity between the two NSCs and their host galaxies. In KK197, we found a mean host galaxy metallicity of [Fe/H] = −0.84 dex, while the NSC and the bright GC (KK197-03) have a metallicity of [Fe/H] = −1.84 dex. The NSC in KKs58 has a similarly low metallicity of [Fe/H] ∼ −1.80 dex and again, the host galaxy appears to be more metal-rich with a mean metallicity of ∼ −1.35 dex. For both galaxies, our spectroscopic metallicity estimates are in agreement with photometric estimates (Crnojević et al. 2010; Müller et al. 2019 ) and both galaxies follow the mass-metallicity relation of dwarf galaxies (Kirby et al. 2013) .
That the NSCS are more metal-poor than their hosts is in contrast to the study by Paudel et al. (2011) , who investigated nuclei of dwarf ellipticals in the Virgo cluster and established that a majority of them are more metal-rich then their host. However, these nuclei have absolute r-band magnitudes < −11 mag and are thus significantly more luminous than the NSCs of KKs58 and KK197. Since these NCSs are brighter and likely more massive than those studied here, a higher metallicity is fully expected (Spengler et al. 2017) .
The simple star formation history and the NSCs being more metal-poor than their hosts disagrees with the in-situ formation of the NSCs in KKs58 and KK197. The in-situ scenario typically favours a more metal-rich NSC due to fast, repetitive gas accretion from the host's gas reservoir (e.g. Milosavljević 2004; Bekki 2007 ) and a prolonged star formation history at the centre of the potential well (Antonini et al. 2015) . Because we find that the two NSCs have significantly lower metallicities than their hosts globally, it is unlikely that they have formed at the centres alongside with the metal-rich host galaxy, otherwise they should have experienced a complex star formation history and would be polluted by metal-richer stars. When considering inflow of very metal-poor gas to the centre, for example from cold filaments (Cresci et al. 2010) , we would expect to see an additional metalrich population and an extended star formation history.
The GC accretion scenario, therefore, is more likely in the case of KKs58 and KK197. In this scenario, the NSC forms by accreting gas-free GCs that spiral into the galaxy's centre due to dynamical friction (e.g. Tremaine et al. 1975; Arca-Sedda & Capuzzo-Dolcetta 2014) . Consequently, the formed NSC should reflect the properties of the accreted GCs that are typically more metal-poor than their hosts (e.g. Lamers et al. 2017) . In KK197 this is further supported by the finding of the bright GC close in projection to the centre that shares the low metallicity of the NSC. In case the velocity offset between NSC and host in KK197 is confirmed, the NSC might not have settled at the centre yet and could still be in the process of spiralling in.
The presence of at least two other GCs in KK197 that have not sunk to the centre could be explained by larger initial formation distances (Angus & Diaferio 2009 ), but might also provide insight into the underlying dark matter (DM) distribution of the host galaxy. As has been discussed extensively for the case of the GC system of the Fornax dwarf spheroidal galaxy (e.g. Goerdt et al. 2006; Boldrini et al. 2019; Meadows et al. 2019) , the orbits of in-spiralling GCs are affected by the underlying DM distribution and could be used to differentiate between cuspy or cored DM profiles. GCs in dwarf galaxies are expected to quickly spiral towards the centre in cuspy DM halos (e.g. Tremaine et al. 1975 ), but might stall near the core radius in cored DM halos (Goerdt et al. 2006) . Constraining the inner DM slope observationally is challenging because of degeneracies with orbital anisotropy, mass-to-light ratios, halo shapes and initial formation location of the GCs. With our limited data of KK197, we cannot study the underlying DM profile, but with precise ages and masses of the star clusters and the host galaxy, KK197 would provide an interesting testbed to study the cusp-core problem. The possible age difference between NSC and host we observed in KK197, if confirmed, could also resolve this so called timing problem, if the star clusters formed later at larger distances from metal-poor gas. A similar scenario has been recently discussed for the Fornax dwarf spheroidal galaxy (Leung et al. 2019 ).
We could not identify GCs in KKs58. All possible candidates turned out to be either foreground stars of the MW or background galaxies. Although we cannot exclude that there are undetected GCs outside the MUSE FOV, it is also possible that KKs58 only has one star cluster, the NSC. Under the assumption that the NSC was purely formed out of GCs, the NSC would then contain the entire original GC population of KKs58 with the exception of some that might have been stripped in tidal interactions with the group environment or are outside of the MUSE FOV. To test whether this is reasonable, we can compare the NSC-to-host mass ratio of ∼ 10% to the GC system-to-host mass ratio typically found in such low mass galaxies. Forbes et al. (2018) studied the GC system-to-host mass relation over a large range of host masses and found that the ratio can scatter between 0.1 and 10%. Consequently, KKs58 is already within this scatter without the presence of additional star clusters. The same conclusion can be drawn when comparing the GC specific frequency S N 3 of KKs58 to other dwarf galaxies. Assuming the NSC is of GC origin, KKs58 has S N ∼ 16 and KK197, with three confirmed star clusters, has S N ∼ 18. Both are in agreement with other dwarf galaxies of similar brightness that have S N ≈ 10 -20 (Georgiev et al. 2010) .
Possible UCD progenitors?
We compare the NSC of KKs58 and the star clusters of KK197 to other compact stellar systems in Fig. 8 . This figure shows effective radii and absolute V-band magnitudes for a large sample of GCs, UCDs, and NSCs from literature compilations presented in Misgeld & Hilker (2011) and Fahrion et al. (2019a) . We highlight the UCDs associated with Cen A (Rejkuba et al. 2007) to illustrate that those are generally on the fainter side of the UCD population and some even have a very similar size and magnitude as the NSCs of KKs58 and KK197. The NSCs are also placed among the fainter NSC population, especially the NSC of KK197. The two GCs in KK197 are well placed among other faint GCs known from studies of galaxy cluster environments.
In case KKs58 or KK197 would get destroyed in the group environment and the NSCs would be stripped without being destroyed or significantly altered, the remnant NSCs would fit within the UCD population, but might also be interpreted as a GC due to their magnitude and low mass. This highlights the ambiguity connected to the question of origin for UCDs. It has been suggested that UCDs could be the stripped nuclei of disrupted galaxies (Phillipps et al. 2001; Bekki et al. 2003; Drinkwater et al. 2003; Pfeffer & Baumgardt 2013; Strader et al. 2013) , the highmass end of the star cluster population (Mieske et al. 2002 (Mieske et al. , 2004 Kissler-Patig et al. 2006) , or the result of merged star clusters (Fellhauer & Kroupa 2002; Maraston et al. 2004; Fellhauer & Kroupa 2005) . So far, the only unambiguous confirmations of stripped NSC-type UCDs have been made for the most massive, metal-rich UCDs using either the presence of a SMBH detected with high-resolution IFU observations Ahn et al. 2017 Ahn et al. , 2018 Afanasiev et al. 2018) or from the detection of a complex, extended star formation history (Norris et al. 2015) . In contrast, objects like M 54 and ω Cen in the MW, as well as the comparison of the NSCs of KKs58 and KK197 to Cen A UCDs, show that the population of low-mass UCDs most likely also contains a significant population of stripped NSCs. Using simulations, Pfeffer et al. (2014) predicted the number of UCDs from stripped NSCs of a given stellar mass as a function of environment virial mass. For the Centaurus group, virial masses between 4.0 ×10 12 and 1.4 ×10 13 M are discussed (Karachentsev et al. 2007; Woodley 2006; Woodley et al. 2007 Woodley et al. , 2010 and due to this large scatter, the number of predicted UCDs from stripped NSCs with masses > 10 5 M ranges between ∼ 4 -13, following the prescription of Pfeffer et al. (2014) . Because these predictions strongly depend on the nucleation fraction of galaxies, assessing the number and masses of dwarf galaxy NSCs can help to improve such models.
Confirming the NSC origin of a low-mass, metal-poor UCD is particularly challenging because its properties are mostly indistinguishable from a high-mass GC (see also Fahrion et al. 2019a ). In the case of KKs58, the extended size and the ellipticity could give an indication, if it were to survive unaltered the disruption of its host. On the other hand, in case KK197 would be stripped of its NSC, it would be very difficult to distinguish it from the general intra-group population of low-mass GCs. However, simulations by Pfeffer & Baumgardt (2013) have shown that while the original NSCs do not expand during the stripping process, they can retain an remnant envelope from the galaxy body causing the resulting UCD to appear extended. Therefore, extended sizes of GCs at these low masses and metallicities could give further evidence of NSC-origin. Examples of faint envelopes around compact GC-like objects have been found in the Virgo (Liu et al. 2015) as well as in the Fornax cluster (Voggel et al. 2016) .
The elevated dynamical mass compared to our stellar population estimate of KK197-NSC is another observable that this NSC shares with many UCDs and some GCs (Haşegan et al. 2005; Rejkuba et al. 2007; Taylor et al. 2010 ). Mieske et al. (2013) found a mean fraction of dynamical-to-stellar massto-light ratios of 1.7 for massive UCDs, which is lower than our result for KK197-NSC, but still consistent within the scatter. As discussed before, our stellar population properties of the NSCs might be biased to lower ages due to the presence of hot horizontal branch stars. This also affects the M/L we use for the mass determination. For example, assuming an age of 13 Gyr instead of the best-fit age of 7 Gyr at the metallicity of KK197-NSC, increases the M/L V from 1.4 to 2.1. In addition, our mass modelling assumes spherical symmetry and isotropy, and does not account for internal rotation of the NSC. However, simulations and observations have shown that NSCs can have complex density profiles (Böker et al. 2004b ) and kinematics (e.g. Lyubenova et al. 2013; Perets & Mastrobuono-Battisti 2014; Lyubenova & Tsatsi 2019; Fahrion et al. 2019b ). Fig. 8 . V-band magnitudes versus effective radius for different compact stellar systems. NSCs and star clusters compilations are taken from Misgeld & Hilker (2011) , the UCDs from Fahrion et al. (2019a) . We highlight the UCDs of Cen A with blue triangles. The NSC of KKs58 is shown with the blue star. The star clusters of KK197 are shown by the crosses.
The elevated dynamical M/L can also have physical origin. Variations of the IMF in the clusters can result in this difference, both when considering top-heavy (Murray 2009; Dabringhausen et al. 2009 ) and bottom-heavy IMFs (Mieske & Kroupa 2008) , and a central SMBH can also increase the dynamical M/L (Mieske et al. 2013 ).
Conclusions
In this paper, we report the discovery of a NSC in KKs58, a dwarf galaxy member of the Centaurus group, and analyse its properties based on new MUSE data and ancillary photometric data from FORS2 and DECam. Furthermore, we analyse the NSC and two GCs in KK197, another dwarf galaxy in the Centaurus group that was previously studied photometrically with HST ACS data (Georgiev et al. 2009a) . We summarise our results as follows:
-We fitted KKs58's DECam g-band surface brightness image using a double Sérsic profile. We determined the NSC to be elliptical with an effective radius of 6.6 ± 0.5 pc at an absolute magnitude of M g = −9.19 mag (M V = −9.51 ± 0.07 mag). -We extracted a high S/N MUSE spectrum of KKs58-NSC and measured its LOS velocity (v = 474.6 ± 1.9 km s −1 ) and stellar population properties with full spectral fitting. The NSC is at least ∼ 7 Gyr old and metal poor ([Fe/H] = −1.75 dex). Using the stellar population analysis, we obtain a stellar mass of M * ,KKs58−NSC = 7.3 × 10 5 M . -The low surface brightness of KKs58 itself does not allow to obtain a map of its kinematic or stellar population properties. Instead, we extracted a single, low S/N spectrum and measured the LOS velocity of v = 482.6 ± 12.6 km s −1 . The low S/N gives only rough estimates of the age of ∼ 7 Gyr and metallicity of [Fe/H] ∼ −1.35 dex. The photometric metallicity estimate (Müller et al. 2019 ) is consistent with the NSC metallicity. For the host galaxy, we estimated the stellar mass of M * ,KKs58 ≈ 7 × 10 6 M . -We confirmed the membership of three star clusters in KK197 based on their radial velocities. The stellar density is high enough to obtain a Voronoi binned map of the radial velocities and metallicity distribution. The galaxy shows a rotation signature with a projected maximum amplitude of ∼ 5 km s −1 . -The NSC of KK197 might show an offset velocity to the host galaxy of ∆v = 7.8 ± 3.8 km s −1 . Furthermore, its metallicity of [Fe/H] = −1.84 dex is significantly lower than the surrounding galaxy field stellar population ([Fe/H] ∼ −0.84 dex). Using a high-resolution VLT UVES spectrum of KK197-NSC, we determined the dynamical mass of this star cluster to be M dyn, KK197-NSC ≈ 4 × 10 6 M , while we find a stellar mass of ∼ 1 × 10 6 M . -We found for both dwarf galaxies that the NSCs are more metal-poor than the host galaxies. Comparing this to basic expectations from different NSC formation scenarios, the lower metallicity in the NSC makes a strong case for the GC accretion scenario, where the NSC forms out of inspiraling GCs that were formed farther out in the galaxy. The metalpoor GC found in KK197 further supports this scenario. -We estimated NSC mass-to-host mass ratios of ∼ 3 − 10% in the two dwarf galaxies, typical values for low-mass dwarf galaxies. The masses of the NSCs are also typical for NSCs of a dwarf galaxy as the comparison to larger samples of nucleated dwarfs shows. However, the stellar mass of KKs58 places it in a mass range, where typically a very low nucleation fraction is observed. -The mass, size and metallicity places the NSCs of KKs58 and KK197 within the range of other NSCs, but also among known low-mass UCDs of the Centaurus group. This suggests that some of these UCDs might have originated from stripped NSCs of disrupted dwarf galaxies like KKs58 or KK197, although their observed properties today make them indistinguishable from the high mass GC population.
Out of a sample of 14 dwarf galaxies observed with MUSE, we were able to identify two nucleated dwarfs. Although there have been successful attempts in searching for NSCs in dwarf galaxies of the Centaurus group (e.g. Georgiev et al. 2009b) , the nucleation fraction of this environment is still unknown. Identifying potential NSCs in low-mass dwarf galaxies is generally challenging and requires either a spectroscopic measurement to confirm the membership to a galaxy via radial velocities or highresolution photometry. At the same time, extracting even a single spectrum from an MUSE observation of faint host galaxies to measure radial velocities or stellar population properties is also difficult. In these cases, GCs or even NSCs provide excellent tracers of otherwise inaccessible properties of the host galaxies.
